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1 1 

(IV) ft^lXtf/Xli^ 7 - S A (IV) -fb^fc. ^(IIlMt^W^V 

*j)Va (IV) Vc&miJ*^ -«S* (1) 

Z r (OH) a (OR 1 ) b (1) 

[it#«3] 

>?;l/3-^A (iv) ik&m-i)K -JKS: (3) 
ZrX 4 Y e (3) 
(5£4\ XI^D^VJI^^U Y(if h 7tn K7 9 >?:^U e 14 0 304 2 S-tjn-T 

"[11*3(4] 

a7^.-)a (iv) <k&m*K — «b£ (2) 

Hf (OH) c (OR 2 ) a (2) 

^7--?A (IV) ft-fr*^, (4) 
HfX 4 Yf (4) 
(3**, X(4^Nn^>JE^-^^t. Yl±f h9tnK7?>Sr^U f fi 0 Xf4 2 £7^1" 

feft-frW^ <fc (III) 7*a#->K-eab»K #U tfAffrfr****™ (III) 7^3* 
[W^l 7 1 

^b^%0^** s , S> ^ 3 - * A (IV) MftRV/Xtt^ 7-7A (IV) <h^» 
U, 0. 5mo 1 %JSL±-e*Si t^ififSfMl ~ 6 tf>v»r*i.*«B*W>^*T 

[»*«8] 

.x * x MfcEJ&a** * ffl v» T Mfcitifc L * RJ©m ** h L Ttr * t> fi h 

9 I 

1 0 ] 

[»#£ 1 1 ] 
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[It** 1 2 ] 

t *m%k t -r* » ** i 1 ia«<o^* x ;v*t^o^^^o 

[If** 1 3 ] 

[if** i 4 ] 

MtU, hjvxy^A^^ v4£ v> If** 1 

1-13 <7)v^-f^^l5«0^^-r;vil^-%<7)^3t^S 0 
[ft** 1 5 ] 

3-* T frttKBtf, iJ ;v sj? >^ t 7 )V rr - %> t <r> SU& t* & £ £ i: £ #H t i" & If** 1 ~ 
6] 

^ * x Mtafc y>3--)A (iv) ft^&tf/Xfi^?-** (IV) 

[If** 17] 

i; ; v3-^A (iv) (l) 

Z r (OH) a (OR 1 ) b (1) 
(5ft if ^ RM±> 7->;v*Xti7;v^;v^^^L> aRtfbtt, -etL-^ttOXti 1 ~ 4 O 

11**1 6|B*OJ.^"r^lS#i»*3tffl)S!ll»o 
[If** 1 8 ] 

y>^an (iv) >fb£-«. — flbS; (3) 
ZrX 4 Y e (3) 
(sfttK Xli^ny>I^U YtitF7tnF7 7>^U e tt 0X(A 2 Sttf-T 

[ft** 1 9 1 

(IV) — JKsS; (2) 

H f (OH) c (OR 2 ) d (2) 

if** i 6 mm.<o^xTji>ffi45-®m&mmmo 

[If** 2 0 ] 
^7-7A (IV) it&W, — «5fc (4) 

ZrX 4 Y f (4) 
(3;pK XfiAnyv^^^U Ylif f7koF77>^U f tt 0X14 2 £^1" 

Iff** 2 1 ] 

$Hb^7>\ m (in) t^3#->k-c**)> arvvMk&toW)** (in) 7^a* 

-> K-e^-Si Sr#mt-r^|f** 1 6~2 0<^v^-ftL^lBttOi^x;vii^<^SSit^ 
[If** 2 2 ] 

-^3-7A (iv) it&mw/jut^y a (iv) ft^tKcft- 

Lt\ 0. 5 mo 1 %^JiX£&£ t£#mt-r&»**l 6-2 1 «>V>-f*L 
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[iM2 3] _ + 

4 * >ttt#l-ew^tlv^C ^#ttt^>»M 16-22 ov^i*fL*»iB«^i 

[Wf*3i2 5] / iw 

2 6 ] 

~2 5 0V>-ftL*»iBlfcOxx-r^JHI'&'%»*ffittifto 
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[0 0 0 1] 

ninth, mm<Dfem*mv<mmL, wMvmmmzm*), wmm*nm-tz>z-t 
■Fx- <Dmit-%&*? , z ft Km v> * mm k m -r & o 

[0 0 0 2] 

*> m m mm<oM^m^ & r& & 0 * t m k o x }±k * a* 
£ t w& < £ if, i , imwxtt. i ~ 5 #hb 0 ) 

zmxtftZo MM&MMtVTii^ **>$>*A % 'fyh^A, >?;vn^>>A. ^7 
-*A, /<-f^9AO»^e»atf*Lfc-aJBIL±^^JR<b'6-i»t, Ar-0- (ArliT'J 
f Offi«:ttS # U t A'l'&jttl #fi : 5:m2#Pio ) * 

[0 0 0 3] 

'J'JfA, v^*->^a, /\7-^a n 4MF*feSt;f*L&4?&< *> it© 

;V=^*A, v;l/n~*A N afc*&Swr*L* lfm±<0&JRBfe«4fo;Rtf/OU±^JR*BMfc 
»i:V vR>f*vt^S*fcx^f ^ife»« (Mill #!TOifc8«0 «*fiie>*L 
TV*!),, 

[0 0 0 4] 

wafcfcit i ] *mm 52-75684 

mffXM. 2] # Rj 2000-154241 
M*W\fc«t3l !|i¥8-7 1 4 2 
[§Kt4] ti2 0 0 0-3 0 2 8 5 4 
[#Wv£g£ 5 ] #Pfl¥ 8 - 2 7 2 6 2 ^-<Zr# 
[#fF^m 6] #H 2001-48973 
[#IfcfciK7 ] #§H 2001-64377 
MHfcfclRS] #12 0 0 1 - 1 7 8 6 2-t<Z:m 
[*#STO:iRl] TSynthesisJ 1978^ p . 929 
[*4MMOR2] TChem. LettJ 1977^ p. 55 
[^#^^3] TChem. LettJ 1981^ p. 663 
[*#ff\£iU ] TTetrahedron. Lett. 28J 1987^ p . 3713 
rj. Org. Chem. 56J 1991^ p. 5307 
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[0 0 0 5] 

[S£9§ L J: 3 * R«] 
[0 0 0 6] 

S fO ffl * *T fg t L R« L T f IJ ffl 1- a 1 1 tf* T „ jT U - > * 5 X b y - (O & frh SP * L 
i \z. $o o 

[l£M£»fc-f afcfc^g:] 
[0 0 0 7] 

*»M#e>li, y>n^^A (iv) tfDl«/N7-^A (IV) St»J:fflv^AJV**> 

WO^^Vi&JfcfcZ r (OH) x (OAc) , (x + y = 4) fcftMfcfc LTiDx., $ <b K 
ij)|!|i:tti*^Iig2mo l%^JnitMia (^USl 2 0t, 68#P3) U 
fcfcJ: iJfc^RJfc-Mrofco Wl^UGa (Oi-Pr 

) F e (Oi-Pr) a, Al (Oi-Pr) 3, Sn (Oi-Pr) *-&¥<0&m&* 
mz-2>Zt\z£c>xmWi%i&tfm±-$-2>Zttffrfr-otZo WtGa (Oi-Pr) 3 
, Fe (Oi-Pr) 3 **#tC «fc V»tt**#x.fco Zr (IV) H<D^t) «9 Id £ *l£ OgStn 
#J/itf£ 3 mo l %m^XKJB*ffoXi> J: V^tti±#^*L*^o^ 0 Ti (Oi-Pr 
) 4 *>Zr (IV) ^Hf (IV) ara»tc«ttOlSSv^»iK-C*aii:tiftie>tLTV>*^ T 
i (IV) -Zr (IV) , Zr (IV) -Hf (IV) % Ti (IV) -Hf (IV) t\t>$m.fr& 

t>^x*i±mmto*Mmm&<ofa±teM>bti%frc>tzo Hf uv) mzttLx^mm^n* 
^tzhzh^ zr (iv) mzn-tzm 

[0 0 0 8] 

ttSf»W^LfcFe (Oi-Pr) aC^t, Zr (Oi-P 

r) 4 1 omo 1 %KM-t^muamtMmm^<ommz^xm-<tzo *<d&&, z r ( 

Oi-Pr) 4 WU Fe (O i - P r ) 3 £^L-f ogsin LTv> < £»flfcflHS[J±|«iJ±L 
.Fe (Oi-Pr) 3H. 5 m o 1 %«Tfa £^#{$Ri£1£t;J:|n]±-ra £ htft>fro 
fzo Fe (Oi-Pr) 3 0#J£-& £ f, fc±lf TV»o X fcftMltflHtttK t A/ i?M:L&V> 
CI ttffrfr^tzo ta£o-C, H5ffi9tttZ r (Oi-Pr) <tFe (Oi-Pr) 3 OT^ 

M20 : i~i : 1 a o 

[0 0 0 9] 

Jfcfc, %£>&JR:£ftM£Z r (Oi-Pr) 4-Fe (Oi-Pr) 3. Hf (Oi-Pr 
) 4 -Fe (Oi-Pr) 3 , Ti (Oi-Pr) 4 -Fe (Oi-Pr) afcMW^^-r 
/UM^^fcov^T^BSSJftfrWI^fco *<Dift*, Zr (IV) -Fe (III) t H f (I 
V) -Fe (III) {it5l3TMJKOftfei»Sti-e*aifc^?>^t*o^^ Ti (IV) - 
Fe (III) ov>-C{±a*4RjD«)ini3S«i*tt^,e,tL4*o^o 
[0 0 10] 

Zr (Oi-Pr) 4 X(iHf (Oi-Pr)^Fe (Oi-Pr) aWi^ClMtt 
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i-Pr) 4-Fe (Oi-Pr) 3 4: H*©tk**tttf»** - * *»t>*»o fco Kt, Z 
r (Oi-Pr) 4 3mol%£Fe (Oi-Pr) 4 4mo 1 W^t^K 

[0011] 

^ttWS^I^CZ r (0 i -P r) 4 X«H f (Oi-Pr) 4 F e (Oi-P 

r) s<DM&m*mmzm^ri)mmmT, *»i»^b***e>^-rMbRjs*ffv^ r 

2^ ^^f^^-KP&tillilBtlwi^naifi 1 Lfco 

[0012] 

&fct>*s&9§«\ (iv) ft^fc&oV'Xii^?-** (iv) 

j6*fr4^tfc*««i:'t4i^^^»'frWO*ai*4fe (1*51) ^ i^a-** ( 

iv) ft-aw, — ttS: (i) 

Z r (OH) a (OR 1 ) b (1) 

i»*«iiB«oi^xA'ii^wo*ai^ (W**2) *\ (iv) 

> -05$; (3) 

ZrX 4 Y e (3) 
(5£4U Xte^ny^JMi^^U Ylif >9tnK75>*^U e t± 0 Xt± 2 SrTFT 

(l»*S3) (IV) (2) 

H f (OH) c (OR 2 ) d (2) 

llt^t, c + d = 4<7)§ii#^*i-^o ) 

m*miwiM<v^ATfrm&m<Dm&iom(w^4) ^ »7-* ^ (iv) 

(4) 

H f X 4 Yf (4) 
(5£*K XfiAn^VH^i^L, Ylif b5tnK77'/^U f « 0 XJi 2 

(W*«5) *\ IMb^**** «fe (in) 7JV3+VK-e*^ 
(III) 7;V3^f*> K-C* * i t £#f^ "t * 1 ~ 5 ov>i* ti^ismo^* x 

(»3Ml 6) *\ Wfc^H^fti^ (IV) ittemW/ 

JL\t^7=-^J* (IV) ft^Kfcj-LT, 0. 5 mo 1 %£l±-e£>& - ^ 

v»-ctn«k»« t*^i" 4 Rife**" Efc* LTfi 1 ^ t>fi & £ t ~? h 

*«9?BlftOJ.^7 i )HS^»^*^ft(W**l 0) i^f^«»7^ RJS 
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M3r&(i!t*«i i) ^ i-w-3->fM5r/'jfAf 

(1**3(1 2) *\ M^JWfcRJfcfcTflU RJS*K*Bfe*»***tPl^ 

7ici^^*»iii: itiv^ i t *$&WLti-2>m%.n 1 - 1 o 

y^<&<g:ffite^«i&*i&*fflv>* c t Sr#m^1"-&»^ 11-13 ov^-f 

-)vt(DWj&-?*>&z. t 1 ~ 1 4 <7>v>i**i^iam<^*^^^ 

iBt^ «s*3ii 5) itzm-t&o 

[0 0 13] 

(iv) it&mt, mt&mw/xtetfvvM^mh*^^&zt*mmt.ir 
^^^T^m^muikmmm (i**«i 6) ^ v>3-n (iv) ( 
1) 

Z r (OH) a (OR 1 ) b (1) 
(5$;*. RM±. 7v;l^XfiT;i/*;v»£^U aWbte, ^tt-rttOXti 1 ~ 4 O 

»*?Hi 6iS«^*r;v^^SeiffljM (ft*«i 7) y>3-^ (iv) 

map, (3) 

ZrX 4 Y e (3) 
(5£<£. Xii^n^yjlH^^U Yfix h 7 t: n K7 7 V U e & 0 y,\t 2 *7Pi" 

m (11**1 8) *\ ^7^>>A (IV) ft-frtft:* 1 , (2) 
H f (OH) c (OR 2 ) a (2) 
(5£*> R 2 t±. T^)vmjL\tT^^)^m^^, cRXfdli, ZtilfK 0 JLit 1 ~ 4 O 

^iceabox, c + d = 4<7)M#*^-i-^o ) ^£*t&li;^-tr&<i> - t *mWit-tz> 

6iamo^-^-r;Vil^mitfflW (W**l 9) *\ ^7-7A (IV) -fk^ 

a*. (4) 

ZrX 4 Y f (4) 
(^4> N Xi±^n^>JiH 1 &^U Ytex h 7 t n F7 7> =£tzf f it 0 2 £7Fi" 
o ) t £#mt1-3»*3ll 6|Ef£<^*x>Mt^iSliifflj5!& 

« (If** 2 0) CMt^o 
[0 0 1 41 

ZbK*§£Wte. §kft&W. $k (ill) t;v3 + -> K-cfc*K ^'^a^W^'J 

7A (III) TiVndrv'K-e^^^fc^^mti-^ffi^l 6-2 0OV^-ftL^|fi«O^ 
^x^^^Mit^fe (ft** 2 1) ^b^O^*:^ '^ 3 -7A (IV) it 
&mW/y~&^7 =-^> & (IV) tt^KStL-C. 0. 5 mo 1 %&>±-?$> & £ t 

ti-&ft**i 6-2 1 (D^irtLTbmWLfD^XTfrm&wn&mMn. (w**2 2) ^> 
^*>i»#jf ^fc^£JBv>&£fc£^mti-a»*:®i 6-2 2<^v^-rtL^iEmo^ 

7A b y 7;v^-npc ? >*;v*^- h ^ab& £ i £#m£1~<2»W** 2 3ffim^>^^7-^ 
ifil^^mffl^ (ff**2 4) ^*xMfcJ£i»T^ Rj£3U~:!M7lt£«lU 

^@^<b^x;>*^7v:^ jm*<o*><n*fmm%Lh Lxm^zztz&WLt-t-zm 

2 0^-rtL^IB«<7).x.^x;Hi^Si^MIK (Bt**2 5) i^-r* 
lt£U£a*> *;v**>mi:T;v3-;vfc(DRf&-C$)^- fcM 6-2 5 o 
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[0 0 15] 

ikKfcK&^x, y>3--)A (iv) i^mW/X\t^y a (iv) Ifc^jW^ 
ft (Hi) WX^/Ii^'J^i (in) Mtm^-ti^^ Wffitt 

* ^r- § . » afeftsg a* <t < > vfri> mmmm z ®t s -£-r &m u r f ij 

° [n^ £ & <D^<D^m\ 

[0 0 16] 

^^o^7,x;m^%^^^-ffi{i. y>3-^ (IV) it&mW/W^ -V 

a (iv) ^%^> ft (in) ft&mw/juttfv (in) <b^-t>t fc^Pr-r&fw 

[0 0 17] 

yYB., Ji-fV^W., ^y)^^>B., J}7V>W., ^y-T-y^W.. yV)yB., YVfis 

n^9Wi, 9~)\s9)\<W.. 7^^^, lf^J>|, X^'J T-b*9-f>^ 

sKV^^ >~ 1 , 2, 4 - h V *;V^>®^> ^^n-N^r-^-y- 1 , 2, 3 - b V * 

^>-te*>-l, 2, 4-f'J*;v^>i> t7^V>-l, 2, 
tfVWM<D \ V ^^>-l, 2, 3, 4 -T- > 7l3)Vi$y^ *s9U-?9 

y-l, 2, 3, 4 -x h 9*;V^>m> -^>-lf y- 1 , 2, 4, 5-7h7*W^@l 
,3,3', 4, 4' -^^/7x;>fl>7AW/i, 3, 3' , 4, 4' -v?7x 

[0 0 18] 

n/NV-;K n — yfs— /U, n—^^r^y—)^, n—^-zf^y—)^, — 9 J — fr 
. n -x* y" n-Kf*/'-^, Xf7'J^7/l'3-^ 2 -J^I^n^ ^ - 1 

mO^m^—^LT^^-)^. ttz^ ^77*0^7^3-^ s-7*f;V7^3-JK 

l -y.^;v^-9->- l -*-;v^tf>flaJK^— StT;v=r-;v^ 2 

^n-;i/, 7x;-;k o-^W-JK m-^V , /-;V, p-^W-*. 3, 5-^ 

ffifE# 2004-3101861 
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^)V7x;-;K a -t7F-JK /? -1-7 V -)V^<D%i=. WiT^-a-fr^mf* ^ £ 

b^fU>^'j3-Jl/, 1, A-T? yi?*-K, 1. 5--^V^Vv^-^% 1, 
6_/v.3H}-:/S/*-;K 1, 7-^7*>S>*— ;K 1, 8-***5'2>*-JK t > 3 

v;nfh-;v, tf:x;vy ;i,=i-;v4££ 

[0 0 19] 

iji*x/ufc#jS-t* *;V#>ii:7;V3-^tlt, lfl^rtfc 

TKm^ M*^ * ft^fim-T & * - 1 K n * v # ;v >m £ ffl T 

n^">->>7*^ tKn#yFf*^, p-t Kn^->$Ift, m-KKn^V 

>0 glfK, 3- (p-fcKn^/7z;^» 4- (m-fcKn^7x 

ScJMBU 3- (m-tKD^y7x7^^) #A#BM**«w:-*-& Cl 

2) o 

10 0 2 0] 

^iox^ x <7>lB£3r & JB v> <b tt S ft&ft $ tL%> v> ;v 3 - «7 A (IV) 

o-C^i <, flxtf, (3) 
ZrX 4 Y e (3) 

(gfc^K Xtt'>ny>jK^-*jFU Yi±f h7tnK77^^U e \t 0 Xtt 2 £7*1" 
o ) -e^$tLa<k#«»T?*o-C"b J: <, 7 7ftv;V3-7A (ZrF 4 ) , 

ffl-fk^^a-^A (ZrCU) , ^ffci^Vn-^A (ZrBr 4 ) * 3 SMfc^a * A 

(Zrl 4 ) ^W*n$*>'ffrg-!|&-*\ -ttt) y;V3-7i (IV) ^nyvftWK, rh7 
t Kn7?^#EI3[Ux-f^ft#, JLflqftKli, Z r F 4 • (THF) j, ZrCU 

• (THF) 2. Z r B r 4 • (THF) 2> Z r I 4 • (THF) zf^Wdk^l 
£ 0 ±MT f7t Kn7 5VOi, i-f«^7? KEffi?^ 

A (IV) AO^>ftWi:EttLfc*W5**tt#<^ 1 -^^^7 5 K«#tf 
fto-Ctiv*. **S7§ KEffi^tUli, R 3 CONR 4 R 5 (^4>> R 3 ****^. 
y;v*;i^ 7y;HXli7;v3^yMiu r 4 . R 5 f±$n£ LX?mw^ rfc** 

>T5 K> N, N-y7-feb75 K, N-7*>-2-^btWJV^©7 5 hMfc 

— "7 A (IV) hLt, »7)V^7A(Zr (SO) 4 ) ^<*>fl6Wtt£*, S>V*ti 

^ y'x-;vy;vnr. ^ a (iv) Vtr n y ^7***9* ^-^ (IV) 
tfhZbtfX-%Z> 0 ttz, ^3-7A (IV) ^7^f Kti^^Wi: Ltx^f 

rv><3ae^H#OWffi^Cfcfci^Wl!Mt<:#Jh$*T^P>4 v t4Z r (IV) X 2 0 
• n H 2 0 <Dm&&?& $tL*-/Nny> -ftR-ffc v ;V n - -7 A tK»^ * T § & 
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v?;i,3-^a (iv) {k&VBtimt Lxmif&z tares Zo -tiafltttS'K xi^ny> 

[0 0 2 1 ] 

(IV) <fc#!»tLTtt, -HKsS; (1) 

Z r (OH) a (OR 1 ) b (1) 

(1) «K R'^tr^lfefcUH r-b^^x -/ntr*-;^ r*- 1 ;** 

^V/f'JJVi, ^VJ;V^ ^fy;fl/VJi'i, ^^-9-y-f;v^ ^W-OV^ISrA 

^^fJik^tiio 3&»*»*-jKA (i) (iv) ik&mt 

LXiU y^3-9A (IV) rf77^t-f, y;va^*A (IV) f'JT-tf-HiK 
n*S/>\ y>3--)A (IV) vT-fex- h Kn*-> b\ y>3z^ (IV) T-br- 
- h b V t Kn*-> K, y>n-7A (IV) f b9KKQ**/K, i?;vn-->A (IV) x 
^•/nt?**- K y;va^A (IV) h';^nm-M£ Kn^K, ^^-^ 
A (IV) yyo^t^-b^tKn + VK, v*;vn-^A (IV) •/ne**->>'J t K 
n^VK. ^3--)A (IV) f b7^fV^ntft^-h> ^ = -9* (IV) HJ 4 V 
7*ne**-M;Kn+i/K, y';V3--)A (IV) y-f v 7*0 e t * - > V t Kn K 
y>ni-)A (IV) 7*net*-hhnKD^K, v^^-vA (IV) rb77*f 
V-K y>3--)A (IV) hV/f-l/-HsKn*->h\ y>3-^A (IV) v^f-V 
t-hvkKn^^F, y;Vn^-)A (IV) ^ V- I Y y Kn*S/ K***#ttfctt 

10 0 2 2] 

— «a (1) f> R^tT^^Sfcu, ^f-;v^, j.f-^afe. ^n* 

■ciEStLfc^a-** (IV) 4k&®bLX&, *#»KI±, v?;va-*A (IV) h * 
->h\ ->OVn-^A (IV) xh^yK, y>n; 7 A (IV) 7*n^y>\ y^a^A 
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